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Differences in particle deposition between the two 
lungs 
P. PITYN*, M. J. CHAMBERLAIN*, M. E. KING* AND W. K. C. MORGAN~$ 
*Division of Nuclear Medicine, and TDepartment of Medicine, University of Western Ontario, Canada 
Certain inhalational diseases show a predilection for a particular region of one or the other lung that may be 
related to the site of deposition of inhaled particles. We conducted inhalation studies with monodispersed 
aerosol particles in 22 healthy student volunteers to determine how deposition varied between the two lungs. 
Ventilation lung scans were obtained with the subjects seated in front of a gamma camera while breathing 
radiolabelled particles. Subsequently we made paired comparisons of the radioactivity deposited in corre- 
sponding regions of the right and left lungs. Although regional differences in deposition between the left and 
right lung were often statistically significant, they were not always consistent between individuals. Particle 
deposition and the degree of penetration differed between the two lungs with there being generally more 
deposition in the perihilar region of the right lung. We suggest that the anatomy of the central airways may 
influence the pattern of deposition, thereby introducing disparities in particle deposition between the two 
lungs. 
The present findings lend support to experimental lung cast data and to the concept that anatomical 
differences between the two lungs influence the site of deposition. 
Introduction 
Sundry inhalational diseases have a demonstrated 
predilection for a certain region of one or other lung. 
It has been suggested that there are differences in the 
site of development of complicated pneumoconiosis 
(1,2), and Garland et al. (3) have also stated that 
carcinoma develops more frequently in the right than 
the left lung. Furthermore, investigations have dem- 
onstrated that the deposition of asbestos fibres is 
markedly reduced in the left compared to the right 
lower lobe (4). Few studies have attempted to deter- 
mine whether the various effects of inhaled particles 
differ between the two lungs. 
The central airways constitute the major site of 
airflow resistance and are responsible for partitioning 
the incoming air mass and the particles entrained in 
it. Minor changes in the lumina of the larger bronchi 
of smokers or alternatively, increased inspiratory 
flow rates, can cause differences in the degree of 
proximal deposition of small particles suggesting that 
the geometry of the central airways plays a role (5). 
Less obvious are the effects of large airways anatomy 
on the distal penetration of particles. Airflow 
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resistance and air velocity profile development, 
including turbulence, probably differ because the 
right main bronchus is more directly in line with the 
trachea, is broader, shorter, and in addition, carries 
55% of each breath. This has been shown in lung cast 
studies (6). 
We ascertained the extent of regional differences in 
particle deposition between the right and left lungs of 
normal subjects. To better characterize these differ- 
ences, we also used particles of two different sizes, the 
smaller particles being deposited primarily by sedi- 
mentation and diffusion, the larger particles being 
deposited mainly by sedimentation and impaction. 
Methods 
Twenty-two male college students volunteered to 
participate in an inhalation study. Nine were short 
duration smokers not exceeding 10 pack-years; none 
was symptomatic. Informed consent was obtained 
for a study protocol approved by the Standing 
Committee on Human Experiments of the University 
of Western Ontario. Subjects breathed in radio- 
labelled monodispersed polystyrene microspheres of 
I.1 pm and 3.5 pm sizes for approximately 2-3 min, 
until sufficient activity was recorded. Particles were 
labelled with 99mTc and “‘In, respectively, to allow 
their separate identification and mapping. The 
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Table 1 Characteristics of the subjects anthropometric data 
Subject 
Age 
W 
Height 
(cm) 
Weight 
(kg) 
Smoking history 
(pack years) 
FVC FEV, 
(1) (‘L/II pred) (1) (% pred) 
FEV, o,,, 
FVC 
SC 
KN 
MP 
VQ 
HT 
KK 
DM 
JM 
DH 
PZ 
KP 
PV 
DP 
JB 
MW 
SR 
CB 
FH 
GK 
GF 
SW 
PD 
32 171 80.8 5 6.37 120.5 4.97 114.1 78 
23 112 10.0 8-9 5.02 97.0 3-21 14.8 65 
22 183 85.0 Non-smoker 5.78 98.6 4.25 81.6 74 
22 169 86.2 Non-smoker 5.02 100.0 4.31 100.9 86 
28 113 11.8 10 5.45 106.0 4.15 96.8 76 
24 175 73.3 Non-smoker 6.26 117.3 4.76 106.8 76 
22 113 75.0 Non-smoker 5.04 91.0 4.45 102.0 88 
23 168 10.7 Non-smoker 4.25 86.1 3.81 90.6 90 
26 117 100.0 3 5.60 103.4 4.42 98.1 19 
21 168 17.3 1.5 4.87 97.8 3.70 87.0 76 
23 181 76.3 Non-smoker 4.99 87.3 4.45 93.8 89 
22 171 66.5 Non-smoker 4.50 87.1 4.04 92.4 90 
25 169 74.0 6 5.98 120.1 4.69 111.8 78 
21 113 80.0 1.5 4.50 85.2 3.79 85.0 84 
20 168 65.0 Non-smoker 4.57 91.9 4.05 95.1 89 
24 117 70.5 Non-smoker 5.92 108.5 4.69 103.0 79 
30 178 97.3 Non-smoker 5.15 95.6 4.45 100.1 86 
20 170 66.9 Non-smoker 5.06 98.8 3.36 77.1 66 
21 172 10.4 Non-smoker 5.25 101.1 4.58 104.1 81 
22 182 SO.1 Non-smoker 5.48 94.5 5.04 104.8 92 
22 172 82.8 6.5 5.35 96.8 4.38 94.8 81 
23 179 91.0 Non-smoker 5.83 104.1 5.19 Ill.4 89 
aerosol was inhaled through a mouthpiece while 
wearing nose clips and with the subject seated in 
front of a large field gamma camera. With the help of 
an oscilloscopic monitor and a metronome, subjects 
breathed at a tidal volume (VT) of either 750 ml or 
1500 ml and at a frequency of 15 breaths min ’ 
This is in accordance with the International Commis- 
sion on Radiological Protection, ICRP, definition of 
‘resting breathing’ and breathing during moderate 
exercise. 
At the smaller VT of 750 ml, 10 subjects breathed a 
mixture of both particles while at the higher VT, 10 of 
the remaining 12 subjects breathed one or the other 
particle. The remaining two subjects inhaled both 
particles simultaneously at the higher VT. Thus, at 
the higher VT, five subjects inhaled the smaller par- 
ticles and a further five inhaled the larger, while two 
additional subjects inhaled both particles. It did not 
prove possible for all subjects to inhale both particles 
because of the limited supply of ’ ’ ‘In available at the 
time of the study. The anthropometric characteristics 
of the subjects are shown in Table 1. 
Imaging was commenced immediately after in- 
halation (to). A further image representative of the 
alveolar deposition component was taken at approxi- 
mately 24 h (t&. The initial images were of 2 min 
duration, whereas 15-30 min images were taken to 
obtain reliable counting statistics of the residual 
deposit. Images were then analysed by two methods. 
To quantify the differences between the two lungs, 
the lung fields were divided into (a) three concentric 
bands and (b) five approximately equal horizontal 
slices (Fig. 1). The former allows a measure of 
discrimination between the large and small airways 
deposition components, while the latter is believed to 
reflect a vertical ventilation gradient. To eliminate the 
effect of differences in volume in the left and right 
lungs, the activity in each region of interest was 
normalized to the total for that particular lung. 
However, the lack of a volume correction does not 
affect the comparison of regional changes in deposi- 
tion (8). The activity in each region of interest was 
normalized to the total for that particular lung. 
Normalizing the t,, data in the same manner allowed 
for the regional differences in retention to be defined. 
The normalized deposition resembles a deposition 
index, with the value 1.0 corresponding to the mean 
deposition, other values above or below this indicat- 
ing whether deposition was greater or less than the 
mean. A detailed description of the methodology has 
been given elsewhere (9). 
We compared deposition in corresponding regions 
of the left vs. right lungs. Statistical significance 
was assessed using paired, two-tailed t-tests, and a 
DifSerences in lung particle deposition 17 
Outer 
Intermediate 
Central 
Apical 
Subapical 
Middle 
Suprabasal 
Basal 
(b) 
Fig. I Topographical divisions of the lung. (a) Concentric 
circles of equal bandwidth, (b) horizontal slices of equal 
thickness. 
significance criterion of P gO.05. A correction for 
multiple comparisons was not appropriate since the 
data sets referred to in this paper and our previous 
study are, to all intents and purposes, exclusive of 
one another. 
Results 
Regional deposition of particles differed slightly 
between the right and left lungs, was more evident in 
the perihilar regions, and was usually, although not 
entirely, consistent from subject to subject. Mean 
differences were small, typically of the order of 5-7% 
and generally ranged from O-10% (Figs 2 and 3). The 
regional deposition patterns were similar for both 
particles as evidenced by the near reflection of the 
two corresponding parts of each figure. The inter- 
subject variability was slightly greater with the larger 
particle. 
Relative to the right lung, deposition in the left 
was located slightly more peripherally. In the verti- 
cal plane, the subapical and suprabasal regions 
(a) ns. P = 0.005 
P = 0.002 
Apical Middle Basal 
Subapical Suprabasal 
I I I I / I I I I , I 
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Fig. 2 Regional deposition of (a) 1.1 and (b) 3.5 ,~m 
particles in the horizontally divided right and left lung. 
Lines join corresponding measurements for the right and 
left lung, each line representing one subject, 4, Mean; - , 
smokers; -, non-smokers. 
showed the greatest differences (Fig. 2), whereas the 
intermediate and outer regions reflected this in the 
concentric analysis (Fig. 3). Differences between the 
two lungs primarily indicated particle deposition in 
the airways, since after 24 h of mucociliary clearance 
there were no differences in alveolar deposition 
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Fig. 3 Regional deposition of (a) 1.1 and (b) 3.5 pm 
particles in the concentrically divided right and left lung. 
Lines join corresponding measurements for the right and 
left lung, each line representing one subject. +, Mean; - - , 
smokers; -, non-smokers; *O.I bBO.5. 
between the lungs. Smokers and non-smokers are 
separated in the figures and while there tends to be 
more central deposition in the smokers, similar slight 
differences in particle deposition between the lungs 
of smokers persist. Owing to the small number of 
1.8 0.43 0.6 0.8 1.0 1.2 
Deposition of 1.1 pm particles 
4 
Fig. 4 Simultaneous deposition of 1 .l and 3.5 pm particles 
in regions of the (a) right and (b) left lung (mean f SD). 
subjects, it was not feasible to determine any effect 
from the differing VT. 
Differences between the two lungs can be illus- 
trated further by comparing the relative distributions 
of two simultaneously deposited particles. Taking 
data from a companion study (9) and plotting the left 
and right lungs separately, it is evident that the 
differences between the distribution of the two differ- 
ent sized particles in the right lung were different 
from those in the left lung (Fig. 4). In the left lung the 
regional deposition values sit on or near the line of 
identity. In the right lung most error bars (SD) do not 
overlap the line of identity and the differences in 
simultaneous deposition are significant at the 5% 
level of confidence. 
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Discussion 
In normal subjects disparities in deposition 
between the two lungs are not readily apparent on 
visual inspection of lung scans, however, our study 
indicates that subtle differences exist. These may be 
highlighted when radioaerosol images of abnormal 
lungs are examined. That these subtle disparities exist 
between the two lungs corroborate experimental data 
showing that anatomical differences in the central 
airways may lead to minor differences in deposition 
and penetration (6). While not specifically looking at 
differences in penetration between the two lungs, Figs 
1 and 4 of the paper of Short et al. (10) confirm that 
such differences exist. These differences become more 
obvious in radioaerosol images of abnormal lungs 
(11). 
When there is more central deposition, this can 
only be at the expense of less peripheral penetration. 
Whether the differences in penetration are of any 
functional significance is uncertain. We measured 
penetration, not as a single ratio of central to periph- 
eral deposition (lo), but as deposition beyond the 
ciliated airways with the alveolar component being 
reflected as 24 h retention. No differences were found 
using this approach. We also analysed concentric 
regions for deposition and found some differences 
which can only be attributed to differing penetration. 
In this regard, it is not possible to detect small 
changes in the degree of penetration from a single 
image given the convoluted nature of the respiratory 
airways because of the fact that small peripheral 
bronchioles are superimposed and adjacent to large 
airways (9). Neither of these approaches is entirely 
satisfactory by itself but when used in combination, 
give some indication of the differences in regional 
penetration. Although there may be some minor 
differences in retention between the two lungs, the 
statistical evidence for this proposition is less than 
convincing. Given the size of our sample population, 
we had the statistical power to identify a 5% differ- 
ence between the lungs with approximately 90% 
certainty. Any differences in penetration are therefore 
likely to be quite small. 
It might be argued that apparent differences in 
penetration between the lungs are attributable to the 
different amounts of aerosol delivered to the lungs 
during inspiration, thereby reflecting the larger 
volume of the aerosol delivered to one or the other 
lung. It was for this reason we normalized the data to 
account for the differing amount of radioactivity 
delivered to the left and right lungs. 
It is questionable whether such minor differences in 
lung penetration are significant in influencing the site 
of lung diseases. Nevertheless, differences in the large 
airways geometry of the left and right lung appear 
to be manifested in the normal lung scan, as limited 
but systematic differences between the two lungs. In 
certain circumstances such differences could give rise 
to distinctive deposition patterns in subjects who are 
smokers, in those with abnormal breathing patterns, 
and in those with diseases of the airways (6,12). 
Given the fact that the site of particle deposition 
is profoundly influenced by the above factors, the 
possibility must be considered that the location of the 
disease may be similarly affected. 
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